A mechanistic investigation into the irreversible protein binding and antigenicity of p-phenylenediamine.
Exposure to the skin sensitizer p-phenylenediamine (PPD) is associated with allergic contact dermatitis; however, the ability of PPD to modify protein has not been fully investigated. The aims of this study were to characterize the reactions of PPD and the structurally related chemical 2,5-dimethyl-1,4-benzoquinonediamine with model nucleophiles, a synthetic peptide (DS3) containing each of the naturally occurring amino acids and His-tagged glutathione-S-transferase pi (GSTP), and to explore the effect of dimethyl substitution on PPD-specific T-cell responses using lymphocytes from allergic patients. The reductive soft nucleophiles N-acetyl cysteine and glutathione prevented PPD self-conjugation reactions and Bandrowski's base formation, but no adducts were detected. N-Acetyl lysine, a hard nucleophile, did not alter the rate of PPD degradation or form PPD adducts. With PPD and 2,5-dimethyl-1,4-benzoquinonediamine, only cysteine was targeted in the DS3 peptide. PPD and 2,5-dimethyl-1,4-benzoquinonediamine were also found to selectively modify the reactive Cys 47 residue of GSTP, which has a pK(a) of 3.5-4.2 and therefore exists in a largely protonated form. Glutathione formed mixed disulfides with the DS3 peptide, reducing levels of PPD binding. Lymphocytes from PPD allergic patients proliferated in the presence of PPD but not with 2,5-dimethyl-1,4-benzoquinonediamine. These results reveal that PPD and 2,5-dimethyl-1,4-benzoquinonediamine bind selectively to specific cysteine residues in peptides and proteins. Lymphocytes from PPD allergic patients were capable of discriminating between the different haptenic structures, suggesting that the hapten, but not the peptide moiety associated with MHC, is an important determinant for T-cell recognition.